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1 Computational Controls

1.1 Spatial parsing of the m-value using SEED

To assess whether these residue specific thermodynamic contributions could be recapitulated in the context

of fragments which are discontiguous along the proteins linear sequence, fragments were also generated by

spatial proximity in the 3D structure. Spatial parsing was performed by progressively growing fragments ac-

cording to next nearest residues determined from an alpha carbon distance difference matrix (Figure 3A&B).

This enumeration produces ∼N2 unique fragments of the domain structures; ∼36100 for A1 and ∼34969 for

A3, but ∼8% of the total number of distinct enumerations generated by sequential and spatial parsing are

shared in common. Within this spatial context, median m/F values of excised and in-situ fragments and

cooperativity ratios were calculated and compared for both A1 and A3 domains (Figure 3C). This procedure

generates a divergent ∆CR profile compared to the contiguous sequential parsing. Spatial parsing does not

highlight concerted structural regions, but rather shows differences for residues scattered throughout the

structure as sequentially discontiguous segments that are thermodynamically indistinguishable.

1.2 Differences in solvent accessible surface area alone is nondistinguishing

Fragment m-values are proportional to the summed group transfer free energies scaled by changes in solvent

accessible surface area. In order to assess surface area contributions alone, the group transfer free energy

terms were omitted from SEED’s sequential parsing. The ∆ASA of both excised and in-situ fragments of A1

are slightly greater than for A3, but the ratio ∆ASAexcised/∆ASAin-situ of the domains are similar, yielding

minimal differences in overall per-residue areas of the domains (Figure 4). Considering only ∆ASA in the

spatial parsing also does not identify A1 regions that are thermodynamically distinct from the corresponding

A3 regions.

1.3 Cooperativity ratios are qualitatively independent of denaturant and os-
molyte specific group transfer free energies

The computational dependence of SEED on group transfer free energies for different denaturants (GndHCl

and Urea) and the protecting osmolytes (TMAO, Sarcosine, Sorbitol, Sucrose and Proline) was also assessed.

Amino acid sidechain and backbone unit transfer free energies corresponding to urea and osmolytes were

obtained from Auton & Bolen [1–3]. Transfer free energies to GndHCl were compiled from Nozaki &

Tanford [4] and Sarker & Bolen [5]. Comparison of the sequential cooperativity ratios obtained for both

denaturants and osmolytes shown in Figure S3A&B illustrates a qualitatively similar pattern, although

not quantitatively identical. Differences in denaturant and osmolyte dependent group transfer free energies

should result in quantitative differences, but, because SEED is a ratio-metric comparison between m-values

of excised fragments relative to in-situ fragments, cooperativity ratios of both A1 and A3 have qualitatively

similar trends. These results demonstrate that a specific thermodynamic property of the A1 domain structure

is recognized by group transfer free energies that is discernibly different from that of the A3 domain structure.
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2 Figure Legends

Figure 1: Sequence alignment implicated by the CE-based structure superpositioning and manual review

of the residue equivalence.

Figure 2: Spatial parsing by SEED. A) Examples of excised and in-situ fragments derived from

sequentially discontiguous regions of structure parsed through 3-dimensional space. Fragments are

generated relative to a ”root” residue i (red) extending through space by next nearest neighbor residues

indicated in blue (two examples for each of two ”roots” shown) until the structure is fully recapitulated. B)

The same concept is shown in greater detail, beginning from the matrix of all pairwise alpha carbon

distances. m-values are calculated for both excised and in-situ fragments, normalized to the number of

residues in the fragments (m/F), and the median (horizontal lines) is calculated with respect to all

fragment sizes with a common root residue, i. Median cooperativity ratio CR=(mexcised/min-situ). C)

Median per-residue m/F for excised and in-situ fragments (left), CR (middle), ∆CR (right).

Figure 3: Sequential parsing of the solvent accessible surface area by SEED. Median contribution of each

residue to solvent accessible surface area changes upon unfolding by sequential parsing. A) Median

per-residue fragment length normalized ∆ASA/F is compared between A1 and A3 in excised and in-situ

fragments. B) The median ∆ASA Ratio, ∆ASAexcised/∆ASAin-situ, for the two domains. C) The difference

in median ∆ASA Ratio (A1 - A3) reveals little difference in per residue contributions to the total change in

solvent accessible surface area upon unfolding. Note that the y-axis scale in panels B and C are identical to

those in Figure 4 of the main manuscript.

Figure 4: Cooperativity ratio is qualitatively independent of denaturant and osmolyte type. Sequential

parsing comparison of the A1 domain (A) and the A3 domain (B).
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Figure 1: Sequence alignment implicated by the CE-based structure superpositioning and manual review of
the residue equivalence.
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Figure 2: Spatial parsing by SEED. A) Examples of excised and in-situ fragments derived from sequentially
discontiguous regions of structure parsed through 3-dimensional space. Fragments are generated relative to
a ”root” residue i (red) extending through space by next nearest neighbor residues indicated in blue (two
examples for each of two ”roots” shown) until the structure is fully recapitulated. B) The same concept
is shown in greater detail, beginning from the matrix of all pairwise alpha carbon distances. m-values are
calculated for both excised and in-situ fragments, normalized to the number of residues in the fragments
(m/F), and the median (horizontal lines) is calculated with respect to all fragment sizes with a common root
residue, i. Median cooperativity ratio CR=(mexcised/min-situ). C) Median per-residue m/F for excised and
in-situ fragments (left), CR (middle), ∆CR (right).
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Figure 3: Sequential parsing of the solvent accessible surface area by SEED. Median contribution of each
residue to solvent accessible surface area changes upon unfolding by sequential parsing. A) Median per-
residue fragment length normalized ∆ASA/F is compared between A1 and A3 in excised and in-situ frag-
ments. B) The median ∆ASA Ratio, ∆ASAexcised/∆ASAin-situ, for the two domains. C) The difference in
median ∆ASA Ratio (A1 - A3) reveals little difference in per residue contributions to the total change in
solvent accessible surface area upon unfolding. Note that the y-axis scale in panels B and C are identical to
those in Figure 4 of the main manuscript.

0 50 100 200

0.
3

0.
5

0.
7

0.
9

Central Residue

∆
 C

R

0 50 100 200

0.
3

0.
5

0.
7

0.
9

Central Residue

Urea
GndHCl
Proline
Sarcosine

Sorbitol
Sucrose
TMAO

0 50 100 200

0.
3

0.
5

0.
7

0.
9

Central Residue

∆
 C

R

0 50 100 200

0.
3

0.
5

0.
7

0.
9

Central Residue

Urea
GndHCl
Proline
Sarcosine

Sorbitol
Sucrose
TMAO

Central Residue

C
oo

pe
ra

tiv
ity

 R
at

io

0 50 100 150 2000 50 100 150 200

0.
3

0.
9

0.
5

0.
7

A BA3 DomainA1 Domain

0.
3

0.
9

0.
5

0.
7

Sequential Parsing

Figure 4: Cooperativity ratio is qualitatively independent of denaturant and osmolyte type. Sequential
parsing comparison of the A1 domain (A) and the A3 domain (B).
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